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THE MOUTH-PARTS OF THE LEPIDOPTERA. 

By VERNON L. KELLOGG. 

By the association of the genera Hepialus and Micropteryx 
as a group of forms sub-ordinally distinguished from all other 
lepidopterous forms, and characterized by a distinctly general- 
ized condition of certain organs of the body, a special interest 
attaches to the study of the morphology of these genera. If 
the Jugatce, as a sub-order of the Lepidoptera, is a' more 
generalized group than the Frenatae the morphology of its 
members is to be particularly studied for suggestions regard- 
ing the primitive form of the various organs of the lepidopter- 
ous insect, and, by summation, of the racial or ancestral type- 
form of the order. 

The commonly unqualified statement of zoological and ento- 
mological text-books that the mouth-parts of the Lepidoptera 
are of a type adapted for sucking, and that mandibles are 
wanting, or rudimentary, should not be longer repeated with- 
out qualification. It has been known since the publication of 
Dr. Walter's study of the mouth-parts of 1 Micropteryx that the 
genus presents conditions of mouth-parts obviously contra- 
dicting the common assertion, and undoubtedly the most 
generalized known among the Lepidoptera. The presence of 
functional, denticulate mandibles, combined with the absence 
of a maxillar proboscis, make the general statement that the 
Lepidoptera are characterized by the possession of sucking 
mouth-parts an untrue one unless suitably qualified. And 
although this qualification will depend upon the presence of 
functional mandibles in but a few species of moths belonging 
to a single genus, the noting of these few exceptional instances 
is, obviously, of extreme importance. Dr. Walter found func- 
tional, denticulate mandibles in Micropteryx aruncella and M. 
anderschella. Associated with the presence of the functional 

I Walter, A., in the Jenaisch. Zeitsch. f. Naturwiss., v. 18 (1885), pp. 751-807, 
2, nlates. 
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mandibles, these two species present a manifestly generalized 
condition of the other mouth-parts. The maxillae possess two 
terminal lobes (galea and lacinia of orthopterous and biting 
insects generally), the outer -ones, according to Dr. Walter, 
forming together the most primitive rudiments of a proboscis, 
while the inner ones form on each side a groove-like horny 
plate, which affords a lateral support for the labium. The 
lepidopterous proboscis is to be regarded therefore, according 
to Dr. Walter, as 'derived from the outer lobes (galeao) of the 
maxillae. In the higher forms the inner lobes (laciniae) are 
reduced. The labium (second maxillae) has free outer lobes, 
and a ligula formed by the fusion of the inner lobes into a 
short tubule which is open externally. Dr. Walter detected a 
short hypopharynx on the soft inner or hinder wall of the 
ligula. In M11. purpurella and serhipurpurella Walter found the 
mandibles to be without denticulations, and the maxille to 
have lost their inner lobes, the outer lobes being applied to 
form a typical sucking proboscis, the short organ being capa- 
ble of being rolled up. The labium, in these species is elon- 
gated, has no free outer lobes, and a small hypo-pharynx is 
discernible. 

In the brief study which I have been able to make of the 
mouth-parts of Micropteryx the general conditions pointed out 
by Walter are apparent to me. I have examined the mouth 
parts of anderschella, unimacullela, sparmanella, and purpurella. 
In one important point, however, the few observations I have 
made lead me to differ from Walter in his derivation of the 
proboscis. It seems to me that they are the inner lobes of the 
maxilla (lacinioe) which go to produce the proboscis, while the 
outer lobes appear as short, hood-shaped processes with chitin- 
ized, firm margins, lying laterad of the base of the lacinia, 
and appearing as protecting or supporting processes for the 
inner lobes. This condition is well presented by unimaculella. 
In the maxilla (see fig. 6, plate XXV) of this species we make out 
a sub-circular cardo (c) a quadrangular stipes (st) from which 
arise the long, 6-segmented palpus (mx. p. x), the short, horny- 
margined protecting galea (mx. 1, e.), and as innermost pro- 
cess the long lacinia (mx. 1, i.), not fused with its mate 
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of the opposite side but capable of being applied to it so as to 
form a short proboscis. The mandibles (see fig. 5, md, plate 
XXV), of unimaculella are not denticulate, but single-pointed, 
and are not strongly chitinized, functioning rather as flexible 
lobes or plates than as biting jaws. The labium (see fig. 4, plate 
XXV), is truly lip-like, with plainly distinguished sub-mentum 
(sm), mentum (m), and prominent 3-segmented palpi (1, p.) ris- 
ing from the outer or distal margin of the nientum. M.purpur- 
ella (see fig. 3, plate XXV), presents a condition of mouth-parts 
very like unirnaculella. In anderschella, also, one of the species 
examined by Walter, the outer lobes again of the maxilke are 
the ones which seem to me to be free, while the inner ones go 
to form the very rudimentary proboscis referred to by Walter. 
However, without study of other species the question may be 
left a moot one. For the object of this paper the exposition 
already-made of the generalized state of the mouth-parts in 
Micropteryx is sufficient. 

The condition of the mouth-parts of Hepialus, the genus as- 
sociated with Micropteryx in the generalized sub-order Jugata, 
reveals an interesting further confirmation of the naturalness 
of the association. I have examined the mouth-parts of the 
Hlepialus hecta, sylvinus, and of an undetermind species. Un- 
fortunately, in this genus we have an atrophied or reduced 
condition of the parts, a functionless state, as so often met 
among Lepidoptera (Bombyx et al). This condition makes a 
comparison of the mouth-parts of Hepialus with those of MIicrop- 
teryx, or of other Lepidoptera, difficult, but there are sufficient 
remaining evidences of the generally .,7licropteryx-like character 
of the mouth-parts to justify fully a recognition of their 
generalized character. Especially is this shown by the labium. 
In Hep~ialus sp. (fig. 10, plate XXV), the mandibles are entirely 
reduced, the maxillary palpi (mx. p.), greatly reduced, and one 
of the maxillary lobes lost, although one (mx. 1.), remains in 
reduced state. The labium, however, retains its lip-like char- 
acter, with quadrangular mentum and thick, fleshy, 2-segmen- 
ted palpi (I. p.), very like the similar organ in Mlicropteryx and 
altogether unlike the fixed sclerite forming part of the floor of 
the head, the character assumed by the altered labium of the 
higher Frenatao (see fig. 9, plate XXV). 
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In Hepialus sylvinus (see fig. 1), the labium is fleshy and lip- 
like, as in the undetermined species, but the palpi, short and 

thick, are but 1-segmented, and all that is 
> ,F- left of the maxilla is a short ex-articulate 

tubercle. In H. hecta, the broad thick 
m ~ ~1 mentum bears no palpi at all, and a faint 

suture separates the terminal, fleshy men- 
Fig. 1. Labiutn of le- tum from the narrow, fixed sub-mentum. 

pialus sylvinus, m, men- 
tuM; 1. p. labial palpus. The maxillae are represented in sylvinus 

each by a short cylindrical tubercle. Thus, despite the 
obscurity which obtains in the condition of the mouth-parts of 
Hepialus because of their atrophied state, it seems apparent 
that they are reduced from a type with free lip-like labium, 
and with one or more free maxillary lobes, a generalized con- 
dition only met with elsewhere among the Lepidoptera in the 
genus Micropteryx. 

Before proceeding to a brief consideration of certain struct- 
ural features of the more specialized lepidopterous mouth-parts 
as presented in the Frenata, I wish to call attention to a few 
points of interest adduced from a comparison of the mouth- 
parts of the Jugatau with those of the Trichoptera. Here, as 
elsewhere in the morphology of the Jugate and Trichopterous 
types,2 the comparisons are suggestive. The morphology of 
the Trichopterous mouth-parts is an interesting, and by no 
means completed, study. Latreille and Pictet found no in- 
dications of mandibles; Kolenati and Westwood found rudi- 
mentary mandibles present. Some authors have thought the 
maxilla and labium to be distinct, while Speyer and Kolbe 
declare them to be fused to form a sort of lapping or pseudo- 
sucking proboscis. Lucas3 in his recent careful study of the 
mouth-parts of Anabolia furcata pretty conclusively demnon- 
strates, for this species, at least, the entire absence of mandibles 
and the distinctness of maxillke and labium (see fig. 1, plate 
XXV). In the few Trichopterous forms which I have ex- 

2 Author. The classification of Lepidoptera, in Amer. Nat., V. (Mar., 1895) 

pp. 248, 1 plate. 
I Lucas, Robert, Beitrdige zur Kenntnis der Mundwerkzauge der Trichoptera, 

-DAY1Y 1 QaQ ( n a 

37 



550 The American Naturalist. [June, 

amined, the variation in mouth-part characters is considerable. 
In all, the characteristic large labrum (see figs. 1 and 2, lb., 
plate XXV), overlying the basal part, at least, of the haustel- 
lum (h) was present. The rudiments of mandibles were ob- 
served in but one species, Hallesus sp. The maxillae present 
either rudiments of a free lobe, as in Mystacides punctatus (see 
fig. 2, mx. 1, plate XXV), or the lobe in a well-developed, sense- 
hair covered, probably functional condition, as in Hailesus sp, 
Setodes sp, Hydropsyche scalaris, and others. The basal part of 
the maxilla is sometimes pretty plainly divisible into cardo 
and stipes, as in Hydropsyche scalaris; more often, however, not. 
The labium usually presents a conspicuous, characteristic, ex- 
panded, and longitudinally striated flap, the haustellum (see 
fig. 1 and 2, h., plate XXV), composed by the fusion of the 
terminal labial lobes. In Hydropsyche scalaris I was interested 
to discover the labium not so modified. The outer lobes were 
free and of rather large size; the inner lobes were represented 
by a pair of short, blunt tubercles, free from any indication of 
fusion with each other or with the outer lobes, the rudiments 
of free lobes. 

In general the mouth-parts of the Trichoptera, where func- 
tional, may be held to exhibit the following characteristics; 
the absence of mandibles (or, at best, the presence of rudimen- 
tary functionless ones), maxilhe with basal portion often dis- 
playing distinguishable cardo and stipes, with functional lobes 
or distinct rudiments of both or of one free lobe, prominent 
several-segmented maxillary palpi, labium with its lobes free 
or coalesced to form the characteristic haustellum or lapping 
organ, labial palpi 3-segmented, prominent, (see figs. 1 and 2, 
plate XXV). Conspicuous and characteristic also is the large, 
flap-like labrum, which overlies the base of the haustellum, 
and aids materially in the half-lapping, half-sucking mode of 
taking food, which Lucas attributes to the Trichoptera. This 
conspicuous labrum is strikingly paralleled by the exception- 
ally large and well-developed labrum of Micropteryx, a feature 
not referred to in the previous discussion of the mouth-parts 
of this genus. In all the species of ]iicropteryx examined by 
me the labrum is large, appearing as a prominent triangular 
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flap, composed of a firmer basal region and a more delicate, 
membranous, distal region, the whole organ bearing many 
tactile hairs. It overlies the mouth-parts, extending beyond 
the mandibles and out over the fleshy labium (see figs. 3 and 
5, lb., plate XXV). This condition of the labrum is radically 
different from that presented by this organ among the Frenatae, 
the more specialized Lepidoptera (see posted). 

The long 5- to 6-segmented maxillary palpi of licropteryx 
already pointed out in4 Walter's admirable study of the 
maxillary palpi in the Lepidoptera as an indication of the 
generalized character of the mouth-parts of this genus, are 
very like, in point of number of segments and general habitus, 
the maxillary palpi of the Trichoptera. The maxilla and 
labium in general characters are also similar in the two 
groups. The matter of mandibles is of special interest. In 
certain species of ificropteryx they are present as functional or- 
gans, although the tendency toward their reduction is fully 
displayed within the limits of the genus; in Trichoptera func- 
tional mandibles have not yet been found, although the dis- 
tinct rudiments of mandibles are present. Manifestly now, as 
the tendency of specialization in both groups is toward a reduc- 
tion to complete atrophy of the mandibles, the Jugatae can not 
be looked upon as in any way lineal descendents of the rprichop- 
tera. The affinity of the two groups must be of the character 
of two dichotomously divided lines of descent, diverging from 
a racial type which possessed conditions of mouth-parts, wing- 
venation, wing-clothing, and thoracic structure of a character 
suggested by the present conditions of these organs presented 
by the generalized members of the two groups. 

The question of the presence or absence of rudimentary mar- 
dibles among the Trichoptera has been a bone of contention 
for insect morphologists, though it seems pretty obvious that 
if a sufficient number of species be examined both conditions 

4 Walter A., Palpus maxillaris Lepidopterorum, in Jen. Zeitsch. f. Naturwiss. 
v. 18, 1884. In this study Walter found that the maxillary palpi appear in a 

general series of lepidopterous forms from lowest moths to highest butterflies in 
a progressive state of reduction, 6-segmented in Micropteryx, entirely reduced 
among the Nymphalidae. 
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will be found. Lucas5 devotes much space to his proof that 
certain small, angulated processes projecting from below the 
eyes, and called rudimentary mandibles by some writers, are 
not such, but the remnants of the lower one of a pair of tuber- 
cles which, in the pupa, marked the limits of the genal surface 
with which the prominent mandibles of the pupa articulated. 
The presence of these characteristic genal tubercles in all 
the species of Micropteryx which I have examined is worth 
mention (see figs. 3 and 5, g. t., plate XXV). That these tuber- 
cles are not mandibular remnants (if, indeed, it is to these pro- 
cesses to which Savigny, Brauer, et at. refer) is well shown by 
Micropteryx, in which both these genal tubercles and the true 
mandibles or mandibular remnants are present and obviously 
distinct. 

Passing now to the more familiarly known specialized Lepi- 
dopterous mouth-parts, a few commonly accepted beliefs de- 
mand brief reference. Moths and butterflies have been accre- 
dited with the possession of rudimentary mandibles as a general 
feature of the mouth-part conditions. The familiar statements 
and figures in entomological and zoological texts refer to cer- 
tain slight projections lying on either side of the so-called 
labrum, a minute median triangular sclerite, as rudimentary 
mandibles. The statements and occasionally the figures are 
traceable back to6 Savigny's enlightening study and explana- 
tion of the homologies of the insectean parts. This explana- 
tion was adopted by7 Burgess in his description of the anatomy 
of Danais archippus. In a8 study of the sclerites of the head of 
this butterfly. I became convinced that the so-called rudi- 
mentary mandibles of Danais are not such, but are projections 
from the lateral extremities of the labrum, which also, to my 
mind, is a larger and other sclerite than the minute triangular 

5 Lucas (op. cit.) 

6Savigny, Jule-Cesar, Theorie des organes de la bouche des Crustaces et des 

Insects, Insecta, Linn., mem. 1-2, fasc. 1, partie 1, of the Memoires sur les Anim- 

aux sans Vertebres, 1816, Paris. 

7Burgess. Edw., Contributions to the Anatomy of the Moth-weed Butterfly, 

Danctas archippus Fab., 1880, Boston. 
8 Author. The Sclerites of the Head of Danctis archippus Fab., pp. 51-57, 

with 1 plate in the Kas. Univ. Quart. v. 2, no. 2. Oct., 1893. 



1895.] The Mouth-Parts of the Lepidoptera. 553 

sclerite lying upon the base of the maxillar proboscis and 
called by Savigny, and commonly, the labrum (see a. b. c. of 

B y;, fig. 2). This minute triangular sclerite is a por- 
Y )~) tion merely of the labrum, or may be indeed a 

true epipharynx, (i. e. process of the upper wall 
of the pharynx) fused, or apparently so, with 

/ the true labrum. In figure 13 of plate XXV, 
the cephalic aspect of the head of archippus, the 
labrum (lb), and its lateral projections, (pf), bear- 
ing oin the inner margin a fringe of short, stiff, 

called labrum and light-brown hairs, are shown. These labral 
mandibles accord- processes I have called pilifers from the charac- 

Pients daplidice teristic fringe of hairs which is always present. 
Lat.; b, Nyjmphalis Rudimentary mandibles are to be found among ,cardui Lat.; c, Zy- 
gwna s c a b i o s x the Lepidoptera but so far as I have observed 
Fabr. (After Sav- not among the9 Rhopalocera. When present, 
igny.) they uniformly arise from (i. e. are fused with) 
the gene, as the mandibles normally are among insects possess- 
ing biting mouth-parts. A clear demonstration of the distinct- 
ness of pilifers and mandibles is afforded by the fact that both 
mandibles and pilifers are present in all cases where mandibles 
are found. This is well shown in the figure of the cephalic 
aspect of the head of Protoparce carolina, (fig. 12, std., pf., plate 
XXV). 

Here the conspicuous'0 mandibular rudiments, strongly chi- 
tinized at the denticulate apex, plainly arose from the gene, 
and a faint articulating suture is visible. The pilifers are 
large, and manifestly continuous with the labral sclerite. I 
figure. also. the mouth-Darts of Hadena auranticolor of same 

9 After having arrived at and published my conclusions regarding the error of 
designating as rudimentary mandibles the labial processes of Danais and the 
other butterflies (of all the Frenatne, in fact), I found that Walter had previously 
come to the same conclusions, declaring that the parts designated by Savigny as 
mandibles are not such but processes of the labrum, and that the labrum of Sav- 
igny is to be regarded as an epipharynx. 

10 Despite Walter's assertion of his belief that no mandibles, even rudimentary, 
are to be found among the macro-lepidoptera, I cannot understand how else than 
as mandibular remnants these conspicuous processes articulating with the gena, 
chitinized and even slightly denticulate at tip, of the sphinx moths are to be 
interpreted. 
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family, Noctuide, as Strigina pow, by which name Savigny re- 
fers to his figure of the lepidopterous mouth-parts most widely 
copied by subsequent authors of zoological text-books. In the 
figure of Hadena may be noted the pilifers, (see fig. 11, pf. plate 
XXV), but no indication of mandibular rudiments. In Sav- 
igny's reference to the lepidopterous mandibles he says that 
they are in all cases fringed very thickly with hairs on their 
inner margin (" + +dans tous bordees de cils tres-epais sur 
leur trenchant interieur ") (see a, b, c, fig. 1). He is evidently 
describing the pilifers which present just this condition. New- 
port in his article " Insecta-" in Todd's Cyclopedia of Anatomy 
and Physiology (1836-39), discussing the mouth-parts of Sphinx 
ligustri says: "On each side of labrum are the rudiments of 
the mandibles. They are two minute triangular plates 
attached in part to the labrum and margin of the clypeus to 
which, as Savigny has remarked, they appear to be soldered. 
They are applied to the base of the maxilla, and in Sphinx ap- 
pear each to be formed of two parts, and are covered along 
their margin with hairs." As already noted, it is among the 
sphinges that we find conspicuous rudimentary mandibles and 
pilifers present, with distinct insertions and with the charac- 
teristic features of the sclerites. It is the outer one of New- 
port's "two parts" which is the mandibular remnant, and the 
inner hair-bearing one which is the labral pilifer (see fig. 12, 
rnd. and pf., plate XXV). 

This erroneous impression regarding the identity of the 
lepidopterous mandibles receives, as already noted, common 
acceptance through the representations in the standard text- 
books. Figure 530, p. 556, in Claus's Lehrbuch der Zoologie 
(5th ed., 1891) is after Savigny's original figure of the mouth 
parts of the Noctuid, Strigina po.e. The sclerites lettered md. 
and called mandibles are the pilifers. In figure 104, p. 153, 
in Graber's Die Insekten (1877) the sclerites lettered k, and 
designated as mandibles, are the pilifers. In Packard's Guide 
to the Study of Insects, on page 232, in Hyatt and Arm's 
Insecta, plate IX, and elsewhere, the so-called mandibles are 
the pilifers. In Lang's text-book of Comparative Anatomy, p. 
448, fig. 307, the pilifers are figured as parts of the labrum; 
the figure probably is after Walter. 
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Finally, I may call attention to another evident case of mis- 
taken identity in Burgess's paper on the anatomy of Danais, 
not for the sake of picking flaws in this admirable one of the 
few American contributions to the knowledge of insect mor- 
phology, but for the sake of, if possible, preventing the confu- 
sion of the student of comparative insect morphology by his 
too willing complete acceptance of this monograph as a basis 
for his study of lepidopterous anatomy. Two minutes thorn- 
like projections, one on each lateral margin of the maxillar 
proboscis near the base, are referred to by Burgess as the rudi- 
mnents of the maxillary palpi. Now the lepidopterous proboscis 
is composed of the greatly elongated terminal lobes (galeae or 
lacinio) of the maxilla, while the maxillary palpi always 
arise from the median or sub-basal sclerite, the stipes of the 
typical maxilla (in reality often from a more or less distinct 
sclerite, the palpiger, at the side of and closely applied to the 
stipes). We should expect, therefore, to find any palpal rem- 
nants on the fixed basal portion of the greatly modified lepidop- 
terous maxilla, that portion which does not enter into the 
composition of the proboscis, but constitutes a portion of the 
fixed floor of the head (see fig. 9, mnx. b., plate XXV). Where- 
ever the maxillary palpi or their rudiments are present among 
the Lepidoptera, and it is only among the highest, the most 
specialized, of the butterflies, that they can not be made out 
with certainty, these palpi or their rudiments do, in reality, 
arise from that very part on which our knowledge of the 
homologies of the insectean mouth-parts would lead us to 
expect to find them. This is well shown in the figure of the 
under side of the head of Catocala sp. (see fig. 9, mx. p., plate 
XXV). Here the short, single-segmenlted, scale-covered palpal 
rudiments appear on the fixed basal part of the maxille, on 
the under side of the head, and at some little distance from the 
origin of the elongated, proboscis-forming, terminal lobes of 
the maxillk. 

EXPLANATION OF PLATE XXV. 

Fig. 1. Anaboliafulcata, cephalic aspect of head: g. t. genal 
tubercle; vix. 1., maxillary lobe; mx. p. maxillary pal- 
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pus; h, haustellum; 1. p., labial palpus; lb, labrum, 
removed and more enlarged. (After Lucas). 

Fig. 2. Mystacides punctatus: g, gena; g. t., genal tubercle; 
mx. 1., remnant of maxillary lobe; mx. p. basal seg- 
ments of maxillary palpus; lb, labrum; h, haustel- 
lum; 1. p., labial palpus. 

Fig. 3. Micropteryx purpurella: a. f., antennary fossa; md, 
inandible; lb., labrum; g. t., genal tubercle; mx. p., 
basal segments of maxillary palpus; mx. 1. i., elon- 
gated inner lobe of maxilla; 1. p., labial palpus. 

Fig. 4. Micropteryx unimaculella, labium: s-in., sub-mentum; 
in., mentum; 1. p., labial palpus. 

Fig. 5. M1-icropteryx unimaculella, cephalic margin of head, 
showing labrum (lb), mandibles (md), and genal tuber- 
cles (g. t.). 

Fig. 6. Micropteryx unimaculella, ventral aspect of right max- 
illa; c, cardo; st, stipes; mx. p. basal segment of 
maxillary palpus; mt. 1. e., outer lobe; mx. 1. i., inner 
lobe. 

Fig. 8. Catocala sp: cl, clypeus g, gena; pf., pilifer; mx. p. 
maxillary palpus. 

Fig. 9. Catocala sp., mesal portion of ventral aspect of head: 
gu., gula; lm., labium; 1. p. labial palpus; ge, gena; 
mx. b., fixed basal portion of maxilla; mx. p., maxillary 
palpus. 

Fig. 10. Hepialus sp., ventral aspect of head: Im., labium; m. 
mentum; 1. p., labial palpus; mx. 1., remnant of 
maxillary lobe; mx. p., remnant of maxillary palpus. 

Fig. 11. Hadena auranticolor: g., gena; pf., pilifer; mx. p. 
maxillary palpus; mx. 1., maxillar proboscis formed 
of elongated maxillary lobes. 

Fig. 12. Protoparce carolina; ep., epicraniurn; cl, clypeus; lb., 
labrum; ge., gena; md., remnant of mandibles; pf., 
pilifer. 

Fig. 13. Danais archippus: g., gena; lb., labrum; pf., pilifer. 
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